Background
==========

Bladder cancer is detected in approximately 70 000 new cases and leads to 15 000 deaths annually in the USA alone. The disease is commonly caused by exposure to aniline dyes, chronic cystitis, and smoking \[[@b1-medscimonit-24-2294],[@b2-medscimonit-24-2294]\]. Various studies have been performed to understand the mechanism of bladder cancer and to develop treatment strategies \[[@b3-medscimonit-24-2294]--[@b5-medscimonit-24-2294]\]. Treatment of bladder cancer involves cystoscopy and bladder tumor transurethral resection. However, a limitation of these techniques is the migration of floating cells to adjacent epithelium, which enhances the risk of disease recurrence. On the other hand, recurrence and progression of the cancer demands instillation of intravesical immunotherapeutic agents. This leads to up-regulation of cytokine expression and is accompanied by granulocytes and dendritic cell influx \[[@b6-medscimonit-24-2294],[@b7-medscimonit-24-2294]\]. The side effects associated with instillation of intravesical immunotherapeutic agents are sometimes life-threatening \[[@b6-medscimonit-24-2294]\]. The level of androgens determines the rate of cell proliferation and progression of cancer in the early stage. Although early-stage progression can be controlled by anti-androgen treatment, the therapy has no effect at the advanced stage \[[@b8-medscimonit-24-2294]\]. The physiological effects of androgen are mediated by androgen receptor (AR), which promotes the proliferation rate of cancer cells \[[@b9-medscimonit-24-2294],[@b10-medscimonit-24-2294]\]. There are drugs that block the binding of androgens with AR, leading to inhibition of cancer cell proliferation \[[@b11-medscimonit-24-2294]\]. However, development of drug resistance demands the new treatment strategies for bladder cancer \[[@b12-medscimonit-24-2294],[@b13-medscimonit-24-2294]\]. It is reported that miR-449a, an miRNA, has a significant role in the suppression of several types of tumors by targeting gene expression. Progression of cell cycle is arrested by miR-449a either through inhibition of Rb phosphorylation or by targeting expression of HDAC1 \[[@b14-medscimonit-24-2294],[@b15-medscimonit-24-2294]\].

Natural products containing 2(5H)-furanone scaffold have been found to exhibit various biological activities, such as antiviral, anti-HIV, and anti-cancer effects \[[@b16-medscimonit-24-2294]\]. These scaffolds, especially 4-arylamino-2(5H)-furanone moiety, serve as the building blocks for bioactive natural compound and drug candidates \[[@b17-medscimonit-24-2294]\]. The presence of biphenyl group in various bioactive molecules has attracted the attention of synthetic organic chemists and highlighted the need for its incorporation into pharmaceutical molecules \[[@b18-medscimonit-24-2294]\]. SAR studies have revealed that presence of aminobiphenyl or benzidine moiety in compounds with antitumor activity \[[@b19-medscimonit-24-2294]\]. The present study investigated the effect of 3-((4′-amino-\[1,1′-biphenyl\]-4-yl)amino)-4-bromo-5-oxo-2,5-dihydrofuran-2-yl acetate (ABDHFA) on proliferation of AR-positive bladder carcinoma cells. ABDHFA inhibited AR-positive bladder carcinoma cell proliferation through cell cycle arrest through up-regulation of miR-449a expression.

Material and Methods
====================

Reagents
--------

ABDHFA supplied by Sigma-Aldrich (St. Louis, MO, USA) was dissolved in dimethyl sulfoxide to prepare stock solution. Antibodies against AR (rabbit polyclonal) and glyceraldehyde-phosphate dehydrogenase (GAPDH; mouse monoclonal) were provided by Santa Cruz Biotechnology (Santa Cruz, CA, USA). Mouse monoclonal antibody against cyclin D1 was supplied by Proteintech (Chicago, IL, USA).

Cell culture
------------

UMUC3 and TCCSUP AR-positive bladder carcinoma cell lines were supplied by the American Type Culture Collection (ATCC; Rockville, MD, USA). For culture of cells we used RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA) and 1% penicillin-streptomycin. Both cell lines were cultured at a temperature of 37°C in humidified air containing 5% carbon dioxide.

Transfection of lentivirus
--------------------------

The miR-449a was overexpressed in UMUC3 and TCCSUP cell lines by transfection of lentivirus. Briefly, 293T cells were transfected with lentivirus and incubated for 48 h. Following incubation, the supernatant containing viral infection was collected, mixed with polybrene (10 μg/ml), and then infected into UMUC3 and TCCSUP cells. The cells were cultured in this medium for 24 h, followed by replacement of fresh medium.

Analysis of cell viability
--------------------------

We used the MTT assay to assess the effect of ABDHFA on viability of UMUC3 and TCCSUP cells; 2×10^4^ cells/well were distributed onto 96-well culture plates and incubated for 12 h. Then, medium was exchanged with fresh medium containing 10-, 20-, 30-, 40-, 50-, and 60-μM doses of ABDHFA. In this medium, culture of cells was performed at a temperature of 37°C for 48 h. Following this, MTT (0.5 mg/ml) solution was put into each well of the plate. Incubation was continued for 4 h at 37°C, after which medium was discarded and DMSO was put into plates for dissolving the formazan crystals. Absorbance at a wavelength of 490 nm for each well of the plate in triplicates was recorded by a microplate autoreader (Bio-Tek Instruments Inc., Winooski, VT, USA).

Flow cytometric analysis
------------------------

Flow cytometry was used for the analysis of cell cycle distribution and apoptosis in UMUC3 and TCCSUP cells. Incubation of cells with 10-, 20-, 30-, 40-, 50-, and 60-μM doses of ABDHFA was carried out for 48 h at 37°C. After incubation, the cells were washed twice with PBS and subsequently fixed in 70% ethyl alcohol for 24 h at −20°C. Cell apoptosis induced by ABDHFA was determined by propidium iodide (PI) and Annexin V-FITC (BD Pharmingen, San Diego, CA, USA) staining as per the instructions by the manufacturer. For analysis of cell cycle distribution, PBS-washed cells were incubated at room temperature for 45 min with PI (50 μg/ml) and RNase A (50 μg/ml). The FACSCalibur system with CellQuest software version 3.3 (both from Becton Dickinson, San Jose, CA, USA) was used for flow cytometry. ModFit LT software (version 3.0; Verity Software House, Topsham, ME, USA) was used for calculation of cell percentage in different cell cycle phases.

Western blot analysis
---------------------

UMUC3 and TCCSUP cells were harvested following 48 h of treatment with 10-, 20-, 30-, 40-, 50-, and 60-μM doses of ABDHFA at 37°C. The cells were treated with RIPA buffer \[50 mM Tris (pH 8.0), 150 mM naCl, 0.1% SDS, 1% nP-40, and 0.5% sodium deoxycholate\] containing 1% cocktail and 1 mM PMSF. The lysates were subjected to centrifugation at 25 000 rpm for 20 min at 4˚C. Then, separation of proteins was achieved by electrophoresis on sodium dodecyl sulfate polyacrylamide gel (10%; SDS-PAGE). We used the BCA Protein Assay kit (Beyotime Institute of Biotechnology, Jiangsu, China) to quantify the proteins enhanced. The protein samples were incubated on nitrocellulose membranes at 4°C overnight with primary antibody (Wuhan Boster Biological Technology, Ltd., Wuhan, China; 1: 1000). The non-specific sites in the membranes were blocked by incubation with 5% non-fat dry milk in TBS. The antibodies used were rabbit polyclonal (N20) anti-AR, anti-glyceraldehyde-phosphate dehydrogenase (GAPDH) (from Santa Cruz, CA, USA), and mouse monoclonal anti-cyclin D1 (Proteintech, Chicago, IL, USA). The membranes were then washed with TBS Tween-20 and subsequently incubated at room temperature for 1 h with HRP-conjugated secondary antibodies. β-actin used as loading control was examined on the same membrane.

Isolation of total RNA and reverse transcription
------------------------------------------------

UMUC3 and TCCSUP cells at a density of 3×10^5^ in 5 ml of DMEM supplemented with 10% FBS were incubated with 10-, 20-, 30-, 40-, 50-, and 60-μM doses of ABDHFA for 48 h and then total RNA was extracted from whole cells using a NucleoSpin^®^ RNA II kit (Macherey-Nagel, Düren, Germany). Reverse transcription of the extracted RNA was performed using PrimerScript™ RT Master Mix (Takara Biotechnology Co., ltd., Dalian, China) as per the instructions for users. The mixture of 2 μl 5X PrimeScript RT Master Mix, 1 μl RNA and 7 μl RNase-free-dH~2~O were subjected to reactions for 15 min at 37°C and 10 s at 80°C.

Isolation and reverse transcription of miRNA
--------------------------------------------

After 48 h of treatment with ABDHFA, UMUC3 and TCCSUP cells were collected to extract miRNA using TRIzol reagent. Quantification of the extracted miRNA was performed by recording absorbance at 265 nm. Reverse transcription of miRNA was done by PrimerScript™ RT Master Mix in accordance with the manual protocol.

Quantitative real-time polymerase chain reaction (qPCR)
-------------------------------------------------------

For the qPCR, a mixture of 13.0 μl of SYBRR Premix Ex Taq II, 1 μl of 10 μM primer solution, 2 μl of cDNA, and 8.5 μl of RNase-free water was prepared. The mixture was denatured at 95°C for 45 s, then 1 cycle and PCR reaction for 510 s at 90°C, followed by 45 s at 55°C, 40 cycles, and the third stage of dissociation at 95°C for 15 s followed by 60°C for 30 s and at 90°C for 20 s. The internal loading control used was GAPDH. For amplification, the following primers were used: AR forward, 5′-CCAgggACCATgTTTTgCC-3′ and AR backward, 5′-Cg AAgACgACAAgATggACAA-3′; PSA forward, 5′-gTgTgT ggACCTCCATgTTATT-3′ and PSA backward, 5′-CCACTC ACCTTTCCCCTCAAg-3′.

Statistical analysis
--------------------

The Statistical Package for Social Sciences (SPSS for Windows, version 17.0; SPSS, Inc., Chicago, IL, USA) was used for processing all data. Analysis of the data was done using mono-factorial analysis of variance. The data presented are the mean of ± standard deviation. The differences were considered to be statistically significant at a P-value of \<0.05.

Results
=======

UMUC3 and TCCSUP AR-positive cell proliferation was inhibited by ABDHFA
-----------------------------------------------------------------------

UMUC3 and TCCSUP cells were subjected to incubation in medium containing 10, 20, 30, 40, 50, and 60 μM of ABDHFA for 48 h. MTT assay results showed that increase in ABDHFA dosage promoted inhibition of UMUC3 and TCCSUP cell viability. ABDHFA at 50-μM concentration reduced viability of UMUC3 and TCCSUP cells to 31% and 27%, respectively ([Figure 1](#f1-medscimonit-24-2294){ref-type="fig"}).

In UMUC3 and TCCSUP AR-positive cells, ABDHFA treatment led to cell cycle arrest
--------------------------------------------------------------------------------

UMUC3 and TCCSUP cells treated with ABDHFA showed significant cell cycle arrest (p\<0.002) in G0/G1 phase ([Figure 2](#f2-medscimonit-24-2294){ref-type="fig"}). Subsequently, the percentage of UMUC3 and TCCSUP cells in G2/M and S phases was markedly reduced. Western blot analysis revealed that ABDHFA treatment led to a marked decrease in the level of cyclin D1 in both UMUC3 and TCCSUP cells ([Figure 2](#f2-medscimonit-24-2294){ref-type="fig"}).

In UMUC3 and TCCSUP AR-positive cells, ABDHFA had no role in inducing apoptosis
-------------------------------------------------------------------------------

In logarithmic growth phase, UMUC3 and TCCSUP cells were incubated with various doses of ABDHFA for 48 h. Flow cytometry revealed that a 50-μM concentration of ABDHFA induced apoptosis in 4.29% of UMUC3 cells compared to 3.67% in the untreated control cells. The percentage of apoptotic TCCSUP cells was 5.49% compared to 4.93% in the untreated control cells ([Figure 3](#f3-medscimonit-24-2294){ref-type="fig"}).

ABDHFA inhibited AR activation and expression of AR mRNA in UMUC3 and TCCSUP cells
----------------------------------------------------------------------------------

In both UMUC3 and TCCSUP cells, expression of AR mRNA was reduced significantly (p\<0.002) by ABDHFA treatment in comparison to the control group ([Figure 4](#f4-medscimonit-24-2294){ref-type="fig"}). PSA expression in both cell lines treated with ABDHFA was markedly inhibited after 48 h compared to cells treated with DMSO alone. The expression of AR protein was also reduced significantly (p\<0.001) in UMUC3 and TCCSUP cells after treatment with different concentrations of ABDHFA for 48 h ([Figure 4](#f4-medscimonit-24-2294){ref-type="fig"}).

ABDHFA targeted AR expression by up-regulation of miR-449a level
----------------------------------------------------------------

In UMUC3 and TCCSUP cells, ABDHFA treatment increased the expression of miR-449a after 48 h ([Figure 5](#f5-medscimonit-24-2294){ref-type="fig"}). Up-regulation of miR-449a by lentivirus in UMUC3 and TCCSUP cells caused down-regulation of AR in both cell lines ([Figure 5](#f5-medscimonit-24-2294){ref-type="fig"}). The expression of PSA mRNA and AR in both cell lines was reduced by up-regulation of miR-449a due to lentivirus transfection ([Figure 5](#f5-medscimonit-24-2294){ref-type="fig"}).

Viability of bladder cancer cells was inhibited by miR-449a up-regulation
-------------------------------------------------------------------------

MTT assay showed that growth of bladder cancer cells was significantly inhibited by miR-449a over-expression caused by transfected lenti-miR449a ([Figure 6](#f6-medscimonit-24-2294){ref-type="fig"}). UMUC3 and TCCSUP cell viability was reduced to 29.45% and 25.67%, respectively, after 48 h of lenti-miR449a transfection ([Figure 6](#f6-medscimonit-24-2294){ref-type="fig"}).

Discussion
==========

The present study demonstrates the anti-proliferative effect of ABDHFA on bladder cancer cells and showed the mechanism involved. Natural products bearing 2(5H)-furanone scaffold have been found to act as potent antitumor, antiviral, and anti-HIV agents \[[@b14-medscimonit-24-2294]\]. Results from the present study showed that ABDHFA, a biphenyl 2(5H)-furanone-containing compound, inhibits viability of bladder cancer cells in a concentration-dependent manner. Progression of cell cycle through various phases is regulated by various checkpoints, as determined by assessing the synthesis of desired proteins and integrity of DNA \[[@b20-medscimonit-24-2294]\]. Disorder in the cell cycle leads to uncontrolled proliferation of cells. The present study showed that treatment of bladder cancer cells with ABDHFA led to arrest of cell cycle in G0/G1 phase without inducing apoptosis. At present, AR is considered to be one of the most important targets for treatment of different cancers. Disintegration of AR has been found to be an efficient treatment for cancer treatment. In pancreatic cancer cells, treatment with ASC-J9 inhibited cell growth through break-down of AR \[[@b21-medscimonit-24-2294]--[@b23-medscimonit-24-2294]\]. The present study demonstrated that ABDHFA treatment caused break-down of AR protein in bladder carcinoma cells, and also inhibited proliferation. This suggests that ABDHFA suppresses bladder cell proliferation by down-regulation of AR level.

Studies have revealed that activity and expression of AR in cancer cells is inhibited by miR-let-7c through targeting c-Myc activity \[[@b24-medscimonit-24-2294]\]. It has also been reported that AR signalling is down-regulated by miR-331-3p through affecting expression of ERBB-2 and Akt \[[@b25-medscimonit-24-2294]\]. In addition, up-regulation of miR-448 in cancer cells leads to suppression of the AR signalling pathway and inhibition of proliferation \[[@b26-medscimonit-24-2294]\]. In prostate cancer cells, over-expression of miR-449a suppresses cell growth induced by AR \[[@b27-medscimonit-24-2294]\]. Results from the present study show that ABDHFA treatment promoted the expression of miR-449a, which in turn led to down-regulation of AR and PSA. These finding suggest that promotion of miR-449a by ABDHFA in bladder cancer cells degrades AR protein and inhibits its activity. Over-expression of miR-449a further suppressed bladder cancer proliferation through cell cycle arrest.

Conclusions
===========

In summary, the present study demonstrates that ABDHFA treatment inhibits AR-positive bladder carcinoma cell proliferation through arrest of cell cycle and degradation of AR protein. ABDHFA treatment also up-regulated the expression of miR-449a, leading to down-regulation of the AR signalling pathway. Thus, ABDHFA, a novel compound, can be used for treatment of bladder cancer.
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![ABDHFA inhibits bladder cancer cell viability. For analysis of UMUC3 and TCCSUP cell viability after ABDHFA treatment, the MTT assay was used. GraphPad Prism software was used for constructing the bar graphs representing cell viability. Control cells were treated with dimethyl sulfoxide alone; \* P\<0.01 and \*\* P\<0.02 *vs.* the cells treated with dimethyl sulfoxide alone.](medscimonit-24-2294-g001){#f1-medscimonit-24-2294}

![In AR-positive bladder cancer cells, ABDHFA treatment caused cell cycle arrest. Distribution of UMUC3 and TCCSUP bladder cancer cells in cell cycle was determined by flow cytometry. Western blot assay was used for analysis of expression of protein (cyclin D1) involved in regulation of cell cycle. Control cells were treated with dimethyl sulfoxide alone and in the treatment group with 50 μM concentration of ABDHFA for 48 h.](medscimonit-24-2294-g002){#f2-medscimonit-24-2294}

![ABDHFA failed to induce apoptosis in UMUC3 and TCCSUP bladder cancer cells. Apoptosis of the bladder cancer cells was examined using flow cytometry.](medscimonit-24-2294-g003){#f3-medscimonit-24-2294}

![Activation of AR in UMUC3 and TCCSUP cells was inhibited by ABDHFA. AR mRNA expression in bladder cancer cells was inhibited by treatment with ABDHFA for 48 h compared to control cells. The level of mRNA corresponding to PSA was also markedly reduced by ABDHFA treatment, as revealed by real-time PCR. Western blot assay confirmed that ABDHFA treatment markedly reduced expression of AR protein. \* P\<0.002 and \*\* P\<0.001 *vs.* cells treated with DMSO alone.](medscimonit-24-2294-g004){#f4-medscimonit-24-2294}

![Up-regulation of miR-449a expression by ABDHFA treatment targeted AR expression. ABDHFA promoted miR-449a expression in TCCSUP and TCCSUP bladder cancer cells and inhibited AR level. Transfection of lentivirus markedly increased miR-449a expression in bladder cancer cells, which subsequently reduced PSA level. The miR-449a up-regulation by lentivirus reduced expression of AR protein.](medscimonit-24-2294-g005){#f5-medscimonit-24-2294}

![Transfection of lenti-miR449a reduced viability of bladder cancer cells. MTT assay was used to analyze the effect of lenti-miR449a on UMUC3 and TCCSUP cell viability. \* P\<0.05 *vs.* cells treated with DMSO alone (control cells).](medscimonit-24-2294-g006){#f6-medscimonit-24-2294}
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